Introduction
Sulfachloropyrazine (SCP), sodium-2-sulfanilamide-6-chloropyrazine monohydrate was developed as a drug for poultry coccidiosis in 19671). REID et al. 8 ) have shown that SCP was coccidiocidal rather than coccidiostatic in its action. Moreover, in vivo the drug has been shown to be active against staphvlococci in mice and against Salmonella gallinarum and Pasterella in chicks by GABRIEL and SCHEIDY1).
However, in Japan, there is no paper on the action of SCP in coccidia at present.
Studies by HORTON-SMITH and TAYLOR9), HORTON-SMITH and BOYLAND10), WEHR and FARR11), KENDALL and MCCULLOUGH12) and TSUNODA et al. 13 ) have shown that sulfonamides LUX14) has shown that the activity of sulfonamides against Eimeria tenella was enhanced when used in combination with some derivates of pyrimidine and triazine compounds. Notable among these were 2, 4-diaminopyrimidines. Potentiation of sulfadrugs with compounds such as pyrimethamine (PRM)14)15)17), diaveridine (DIA)14)19) or ormetoprim20) relies on the ability of the potentiator to interfere with the folic acid pathway in the parasite16)18) The present studies were undertaken in an attempt to throw some light on the mode introduced directly into the crop with a catheter.
Chickens: Shingle comb White Leghorn cockrels were obtained from Goto hatchery and reared in a heated brooder until used for test at 14 days of age. The chicks were divided into groups which were equally balanced in weight, reared five birds each in wire mesh floored cages in continuously illuminated experimental rooms in which the temperature was thermostatically controlled and fed feed and water ad libitum. Infected unmedicated and uninfected unmedicated control chicks were included in each experiment.
Drugs: Sodium sulfadimethoxine (SDM), pyrimethamine (PRM), and diaveridine (DIA)
were used as the reference coccidiostats. Drugs were administered to chicks either by addition to the diet or by injection. and pyrimethamine (PRM) on E. tenella infection in chicks1).
1) 5 birds ped group
Feed: Chick stater rations, free from antibiotics, coccidiostats, and growth promoters were manufactured by Tokyo Metropolitan Feed Commerce and Industry Corporation.
The diet contained folic acid at 4.2ppm.
Evaluation method for anticoccidial efficacy: The observation periods were 5 and 7 days after the inoculation of E. acervulina and E. tenella, respectively. The weight gains were calculated at the termination of the observation and expressed as percentages to that of uninfected-unmedicated control.
The numbers of oocyst per gram of feces (OPG) were measured 4 and 5 days after the inoculation of E. acervulina, and 6 and 7 days after the inoculation of E. tenella. Averages of OPG were calculated and expressed as percentages to that of infected-unmedicated control.
At the end of experiments, the The chicks were inoculated on day 0 with 50,000 sporulated oocysts of E. tenella.
and treated with 40, 80, 125, 375 and 500ppm in feed over a period of 7 days. in feed. However, the growth inhibition was observed with the increase of PRM concentration above 125ppm but no death losses.
Expt. 2. Comparing the activity of SCP, SDM, DIA and PRM against E, acervulina:
The chicks were infected on day 0 with 100,000 sporulated oocysts of E. acervulina and treated with 40, 80, 125, 250, 375 and 500ppm in feed over a 5 day period.
The The chicks were inoculated on day 0 with 38,000 sporulated oocysts of E. tenella.
Infected groups were medicated through feed with SCP 375ppm for various periods.
The medication periods were calculated to correspond with the development stages in the life cycle of E. tenella (Table 3) . Table 3 shows the results of this experiment. Activity of SCP was found in the groups receiving the medication from 0 to 4 days, 2 to 4 days, 2 to 5 days and longer days after the infection. Significant activiy was demonstrated when medicated from 3 to 5 days after the infection. SCP medication from 0 to 1 and 0 to 2 days after the infection had 84.7 % and 77.4% oocyst production, respectively. Strong activity of SCP was found rather late of schizogony (2nd schizogony). Some activity was observed at the early in the life cycle (sporozoite). Expt. 4. Anticoccidial activity of SCP in delayed treatment on E. tenella infection:
The chicks were inoculated on day 0 with 38,000 sporulated oocysts of E. tenella. The medition periods and drug concentrations were adjusted to make 1,000ppm level in total ration ( Table 4 ).
As shown in Table 4 , anticoccidial activity of SCP in delayed treatment was shown when given 500ppm for 2 days or 1,000ppm level for a day from 4 days after the infection.
But, high lesion score of the cecum occurred in both cases. SDM was less effective than the activity of SCP in delayed treatment.
Expt. 5. Comparing the activity of SCP and SDM given by various routes of administraion on E. tenella infection:
The chicks were inoculated on day 0 with 48,000 sporulated oocysts of E. tenella and treated from 2 to 5 days after the infection. The chicks were daily treated with 12.5, 25 and 50mg of SCP and SDM per kg of an aqueous dispersion (10%) by oral (po) and subcutaneous (sc) administration. Table 5 shows the result of this experiment. The activity of SCP was almost the same in the two administration routes.
On the contrary, the sc administration was more effective than the oral in SDM. The activities of SCP in the two administered routes were much superior to the activities of SDM against E. tenella.
Expt. 6. Reversal activities of PABA and folic acid (FA) against efficacy of SCP in feed on E. tenella infection:
The chicks were inoculated on day 0 with 47,000 sporulated oocysts of E. tenella and treated for 7 days after the infection. The concentration of SCP, PABA and FA is shown in Table 6 .
As shown in Table 6 , the anticoccidial activity of 500ppm of SCP in feed was antagonised by adding it with 50ppm of PABA or 125ppm of FA, suggesting that FA was a milder antagonist than PABA. With the dose of 50ppm PABA in the same experiment, antagonism was reduced when the amount of SCP in feed was increased at 650ppm.
Expt. 7. Synergistic actions of SCP or SDM and DIA or PRM on E. tenella infection:
The chicks were inoculated on day 0 with 45,000 sporulated oocysts of E, tenella.
The concentration of the drugs in feed is shown in Table 7 .
As shown in Table 7 , the effects of these two 2, 4-diaminopyrimidines mixed with SCP and SDM were compared in this experiment. SCP 100ppm plus DIA 10ppm in feed was comparable to SCP 300ppm for the prevention of E. tenella infection. SCP Two experiments (Exp. 1 and 2) of shorter periods (periods of 5 and 7 days), were carried out to compare activities of sulfonamides (SDM and SCP) and 2,4-diaminopyrimidines (PRM and DIA) against E. acervulina and E, tenella. 2,4-Diaminopyrimidines was more effective against E. tenella than E. acervulina at the lower level of 125ppm but not E. tenella infection.
These finding suggest the mode of action by the 2 drug groups Table 6 . Reversal of the anticoccidial effect of sulfachloropyrazine (SCP) 500ppm in feed by p-aminobenzonic acid (PABA) and folic acid (FA) on E. tenella infection in chicks.1) 1) 5 birds per group.
2) The diet contained folic acid at 4.2ppm.
against E, tenella and E. acervulina are different from each other.
SCP was antagonized by a high concentration of PABA. Folic acid was a weak antagonist the action of SCP, it has been shown that the coccidiostatic effects of sulfadimidine16) and sulfaquinoxaline26) are competitively reversed by the simultaneous administration of PABA. It might be, therefore, suggested that the coccidiostatic effect of the SCP is also connected with the PABA-FA metabolic pathway. However, the chick's requirements for PABA and FA are of a very low level so that in the usual dosage the the effect of SCP is considered not to be antagonized by these vitamins27)
The potentiation of sulfadimidine, sulfaquinoxaline and sulfaguanidine below the singly effective dose by PRM has already been reported by JOYNER and KENDALL16), and KENDALL and JOYNER23). It was observed that the combination of SCP 100ppm and PRM 10ppm was favourably compared in activity with SCP at 300ppm. However, ARUNDEL29) reviewed on the synergistic action of PRM and various sulfonamides, reporting that PRM caused chickens to decrease their growth rate or PRM caused the decreased rate of growth in chicken when administered above 25ppm in feed and so is toxic to them. On the other hand, JOYNER30) has observed that administration of 40ppm PRM in feed caused no growth inhibition under the presence of 500ppm sulfadimidine. Therefore, there are obviously some problems concerning the relation between the synergistic effect of SCP and PRM and the toxicity resulted from the combination of the drugs in chickens.
Clopidol31), buquinolate31), beclotiamine32), and robenidine33) have all been found to act against specific stages of the life cycle of Eimeria tenella. Timed medication studies indicate that SCP is active against the second generation schizogony. As the effect comes out comparatively late in the cycle, it may be promising as a therapeutic drug (Exp. 4).
Also, HORTON-SMITH10) showed the relatively good effects of sulfapyradine, sulfathiazol, sulfaguanidine, sulfadiazine, sulfamerazine, and sulfapyrazine on the second generation schizonts of E. tenella. Their finding is in accordance with the result of SCP against E.
tenella.
The influence of administering route on the anticoccidial effect SCP was different from SDM (Table 5) . The difference of the activity between SDM and SCP may be due to varied rates of absorption of the two drug components in by the parasite. It should be emphasized that the oral administration of SCP has almost the same effectiveness as subcutaneous injection.
On the other hand, GABRIEL and SCHEIDY1) reported that orally administered SCP was rapidly absorbed from the alimentary tract in chicks. Also, unpublished data from our laboratory have confirmed these findings34). The absorption of SCP was rapid and the peaked blood concentration attained in 4 hours after oral administration. This concentration was higher than that achieved with equivalent dose of SDM35. A pathway to arrival of orally administered SCP at the cecal tissue will be studied in the future.
Summary
Effect of sulfachloropyrazine (SCP), sodium-2-sulfanilamide-6-chloropyrazine monohydrate, against chicken's coccidium infections was evaluated under laboratory condition.
The following conclusions are drawn:
The detectable oocyst discharge was suppressed with 375 and 125ppm of SCP in feed in Eimeria tenella and E. acervulina infections, respectively. Anticoccidial activity of SCP was superior to that of sulfadimethoxine.
SCP 375ppm in feed was administered to chicks at different developmental stages after infection with E. tenella. Treatment of the schizogony of E. tenella resulted in complete suppression.
Antagonism of the effects of SCP against E. tenella was studied by simultaneous administration of either folic acid or p-aminobenzoic acid (PABA). PABA was more active antagonist of SCP than folic acid.
Synergism between SCP and pyrimethamine was observed when the two drugs were given together below singly active dose. The oral administration of SCP against E. tenella had almost the same effectiveness as the subcutaneous route. 
